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TITLE OF THE INVEJJTION 

ACTIVE RESISTIVE SUMMER FOR A 
TRANSFORMER HYBRID 

5 

CROSS -REFERENCE TO REIATED CASES 
[OQOl] This application is a concinuacion-in-parc o£ and 
claims benefit of priority of co-pending U.S. patent 
10 application Serial No. 09/629,092 entitled "ACTIVE 

RESISTIVE SUMMER FOR A TRANSFORMER HYBRID," by the same 
inventors, filed July 31, 2000, the disclosure of which is 
hereby incorporated by reference. This application is also 
related to U.S. patent application Serial No. [not yet 

jJ^lS assigned] entitled ^^APPARATUS AND METHOD FOR CONVERTING 
SINGLE-EITOED SIGNALS TO A DIFFERENTIAL SIGNAL, ANP 
TRANSCEIVER EMPLOYING SAME," by Pierce Roo, filing dane 

m [concurrent: herewith] , the disclosure of which is hereby 

li incorporated by reference- 
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BACKGROUND OP THE INVENTION 

Field of Che Invention 
[0002] The present invention relates generally to 

transmitting and receiving electrical signals through 
communication channels, such as a gigabit channel- In 
particular, the present invention relates to a transmit 
30 canceller that removes transmit signals from receive 
signals in such communication channels. 
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Backaround and Ralaned Art 

[0003] A gigabic channel is a communications channel wxtht a 
total data throughput of one gigabit per second, A gigabit 
5 channel typically includes four (4) unshielded twisted 
pairs (hereinafter ^^UTP") of cables (e,g., category 5 
cables) to achieve this data rate. IEEE Standard 802.3ab. 
herein incorporated by reference, specifies the physical 
layer parameters for a lOOOBASE-T channel (e-g-, a gigabit 
y 10 channel) . 

■ri [0004] As will be appreciated by those skilled in the art, 

J£ a UTP becomes a transmission line when transmitting high 
r^i frequency signals. A transmission line can be modeled as a 

15 network of inductors, capacitors and resistors, as shown in 
ra Figure 1- With reference to Figure 1, G is normally zero 

and R(co o 

R{a))= k.(l±j)^foi] (1) 

2 0 where kn is a function of the conductor diameter, 

permeability, and conductivity. The characteristic 
impedance of the line is defined by: 
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GfJaC ' 



(2) 



10 



and ac high frequencies, Zo becomes approximately vZTC or 
approximately lOO ohms in a typical configuration. When 
properly terminated, a UTP of length d has a transfer 
function H chat is a function of both length (d) and fre- 
quency (fa)) : 



where 



y03 = ^(/?(<y) + >X)(G + J(oC), 



(3) 



(4) 



O IS 



and substituting Equations 1 and 4 into Equation 3, and 
simplifying, approximately yields; 



H{d,iii) a exp 



hi \u)L 




2 V C 



+ 7 




(5) 



Equation 5 shows that attenuation and delay are a function 
of the cable length d. 



[00053 A transmission path for a UTP typically includes a 
20 twisted pair of cables that are coupled to transformers at 
both a near and far end, as shown in Figure 2. A 
transceiver at each end of the transmission path transmits 
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and receives via Che same cwisced pair, A cable cypically 
includes two pacch cords totaling less than IQm. and a main 
section of lOOm or even longer. The transmitters shown in 
Figure 2 are modeled as current sources. The near end 
5 current source supplies a current I^^x- The near end 

transmit voltage (e.g., IcxR-cx) is detected and measured 
across resistor Roc- A receive signal V^cv (e.g., a signal 
transmitted from the far-end transceiver) is also detected 
and measured across resiscor R^k- Hence, V^;^ includes boch 

10 transmit dtxRcx) and receive (V^cw) signals. Accordingly, 
the signal V^cv (e.g., the signal from Transceiver B) 
received at Transceiver A can be obtained by taking the 
difference between the transmit voltage and the measured 
voltage Vj^, as follows: 

15 V^cv - V^^ - 



[0006] Conventional solutions for removing transmit signals 
from receive signals often employ known transconductor 

20 ('^Gm") summing stages or other current based methods- As 
will be appreciated, these methods often introduce signal 
distortion into the receive signal. Also, some 
transconductors have a limited signal dynamic range. 
Accordingly, conventional methods are often inadequate for 

25 applications requiring signal recovery. Additionally, known 
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summing circuics, such as weighced summers using 
operacional amplifiers, have not heretofore been modified 
CO accommodace che incricacies associated with canceling 
transmit signals or regulating baseline wander (described 
5 below) . A known weighced summer is discussed in Chapter 2 
of "Microelectronic Circuits, Third Edition," by A.S. Sedra 
and K.C. Smich, 1991, incorporated herein by reference. 



tO0073 As will be appreoiaced by chose skilled in che ar 
10 the receive signal typically contains additional 

components, due to baseline wander, echoes and crosstalk, 
for example. 



[0008] Baseline wander is preferably corrected for when 
15 transmitting and receiving signals over transmission lines. 
Removing DC components from a receive signal using 
transformer coupling can cause baseline wander. As will be 
appreciated by those skilled in the art, baseline wander 
represents a deviation from an initial DC potential of a 
20 signal. 



[0009] "Echoes" typically represent a residual transmit 
signal caused by reflections that appear in the receive 
signal. Echoes can cause undue interference depending on 
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the size of the reflection, 

[00010] Capacitive coupling between the channels, as shown 
in Figure 3, causes crosstalk. Four channels TX1-TX4 are 
5 shown in Figure 3- The capacitive coupling between TXl and 
each of TX2, TX3 and TX4 are modeled by capacitors C1-2, Ci- 
3, respectively. The capacitive coupling forms a high- 

pass filter between channels and therefore crosstalk con- 
tains mostly high frequency components. As will be 
10 appreciated by those skilled in the art, normally only the 
near-end crosstalk (NEXT) needs to be considered, since 
crosstalk is usually small and the transmission line 
provides further attenuation of the far-end crosstalk 
(FEXT) . 

15 

[0010] Accordingly/ there are many signal-to-noise 
problems to be solved in the art. Hence, an efficient 
transmission canceller is needed to remove a transmit 
signal from a receive signal without introducing excess 
20 signal distortion. An electrical circuit is also needed to 
subtract a transmit signal from a receive signal. There is 
a further need of an electrical circuit to correct baseline 
wander , 
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SUMMARY OF THE INVENTION 
[OOH] The present invention relates to a transmit 
signal canceller for use in a transformer hybrid. Such a 
hybrid includes a junction for transmitting and receiving 
5 signals. In the present invention, an active resistive 
summer can be used to cancel a transmit signal from a 
receive signal, 

[0012] According to che i^vencion, ein elecrrical cireuic 

in a. communications channel is provided. The electrical 
circuit includes an active resistive summer having: (i) an 
input: for a composite signal, the composite signal 
including a transmission signal component and a receive 
signal component, (ii) an input for a replica transmission 
signal, and (iii) an output for a receive signal which 
includes the composite signal minus the replica signal. 

[0013] According to an another aspect of the present 
invention, a transmit signal canceller in a communication 
20 channel is provided. The channel includes a first 

transceiver for transmitting and receiving signals and a 
replica transmitter for generating a replica transmission 
signal input. A composite signal at a near end includes a 
transmission signal of the first transceiver and a received 
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signal of ^ secona transceiver. The transmit canceller 
includes: (i) an operational amplifier having a positive 
input terminal, a negative input terminal, and an output 
terminal; (ii) a feedback element in communication with the 
5 negative input terminal and the output terminal; (iii) a 
first input resistor in communication with the negative 
input terminal and the measured signal input; (iv) a second 
input resistor in communication with the negative input 
terminal and the replica signal input; and (v) a 

13 predetermined voltage source in communication with the 

positive terminal of the operational amplifier. The 

Q receive signal is an output at the output terminal of the 

=p operational amplifier. 

I 15 [00143 According to still another aspect of the present 
i* invention, a communication system including a first 

transmission channel with a first end and a second end is 
provided. The first end couples to a first transformer and 
the second end couples to a second transformer. A first 
20 transceiver transmits and receives signals via the first 

transformer and a second transceiver transmits and receives 
signals via the second transformer. A first signal is 
supplied at the near end. The first signal includes a 
transmission signal component of the first transceiver and 
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a receive signal component of tihe second Transceiver, The 
communicacions system includes; (i) a replica transmitter 
that generates a replica of the transmission signal 
component of the first transceiver; (ii) a filter to filter 
5 the replica signal; (iii) an active resistive summer 

receiving the first signal, and the filtered replica signal 
as inputs to reduce the transmission signal component at an 
output of the active resxstive summer. 

10 [0015] According to still another aspect of the present 
invention, a method of correcting baseline wander in a 
receive signal in a communications channel having a near 
and far end is provided. The channel includes a first 
transceiver at the near end and a second transceiver at the 

15 far end, each to transmit and receive signals- The method 
includes the steps of; (i) providing a composite signal, 
the composite signal including a transmission signal of the 
first transceiver and a receive signal of the second 
transceiver; (ii) generating a replica of the transmission 

20 signal; (iii) subtracting the replica signal from the 

composite signal through an active resistive summer; and 
(iv) providing a baseline correction current into the 
active resistive summer. 
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[00161 According to stiill another aspecc of che present 
invention, an electrical circuit in a communications system 
is provided, A composite signal including a transmission 
signal component and a receive signal component, a replica 
transmission signal and a common-mode shift current are 
provided- Further circuitry is provided to control the 
magnitude of the common-mode shift current so that the 
magnitude of the composite signal does not exceed a 
predetermined value of an operating parameter of the 
electrical circuit , 

[0017] In still another aspect of the present invention, 
an electrical circuit in a communications system is 
provided. An active resistive summing circuit produces a 
receive signal as a difference between a composite signal 
and a replica transmission signal, the composite signal 
comprising a transmission signal component and a receive 
signal component. Further circuitry is provided which 
controls the magnitude of the composite signal, 

[0018] In still another aspect of the present invention, 
another electrical circuit in a communications system is 
provided. An active resistive summer is provided that 
receives a composite signal that includes a transmission 
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signal componenc and a receive signal componenc, a replica 
cransmission signal, and a common-mode shift current 
signal. The active resistive summer provides an output 
which is a receive signal that comprises the composite 
5 signal minus the replica signal. Further circuitry is 
provided which controls the magnitude of the common-mode 
shift current to thereby control the magnitude of the 
composite signal, 

O 10 [0019] These and other objects, features, and advantages 
jD of the present invention will be apparent from the 

lf_ following description of the preferred embodiments of the 

present invention. 

^ 15 BRIEF DESCRIPTION OP THE DRAWINGS 

[0020J The details of the present invention will be more 
readily understood from a detailed description of the 
preferred embodiments taken in conjunction with the 
20 following figures. 



[0021] Figure 1 is a circuit diagram illustrating a 
transmission line model. 
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[0022] Figure 2 is a circuit distgram illuscracing a 
rransmission path across a cwistad pair of cables, the 
cables being coupled no Transformers ac each end, 

5 [0023] Figure 3 is a diagram- illustrating crosstalk 
between channels in a gigabit channel. 

[0024] Figure 4 is a block diagram illustr^cing a system 
overview ot a communlcac4-ont5 channel. 

[0025] Figure 5 is a circuit diagram illustracing a 
transmitter, 

[0026] Figure 6 is a graph illustrating a transmit 
signal . 

[0027] Figure 7 is a graph illustrating a composite 
signal with echoes . 

20 [0028] Figure 8 is a circuit diagram illustrating a 

replica transmitter. 

[0029] Figure 9 is a graph illustrating a receive 
signal - 




1-01 



12:22pni From-KMZ 



3129021061 



T-116 P. 14/73 F-814 



-13- 



[0030] Figure 10 is block diagram illuscracing a low- 
pass filcer. 

5 [0031] Fxgure 11 is a circuit: diagram illuscracing an 
accive resistive summer, 

[0032] Figure 12 is a circuit diagram illustrating an. 
error det^scrxon circuic , 

10 

[0033] Figure 13 is a circuit diagram illustrating a 
low-pass filter. 

[0034] Figure 14 is a circuit diagram illustrating a 
15 conventional voltage controlled current source. 

[0035] Figure 15 is a circuit diagram illustrating one 
exemplary embodiment of a common-mode feedback circuit 
coupled with a transmitter, 

20 

[0036] Fxgure 16 is a circuit diagram illustrating one 
exemplary implementation of an operational amplifier 
utilized in the common-mode feedback circuit. 
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[0037] Figure 17 is a circuir diagram illust:pating one 
exemplary embodiment of a common-mode shift: current control 
circuit coupled with a transmitter. 



5 [0038] Figure 18 is a circuit diagram illustrating one 
exemplary embodiment of a common-mode shift control circuit 
coupled with a transmitter. 



DETAILED DESCRIPTION OF TtiE 
10 PRESENTliY PREFERRED EMBODIMENTS 



[0039] The preferred embodiments will be described with 
respect to a gxgabit channel, as used, for example, in an 
Ethernet network; and to electrical circuits associated 

15 with separating transmit and receive signals in such a 

gigabit channel- The preferred embodiments will also be 
described with respect to baseline wander correction in 
such a gigabit channel. However, as will be appreciated by 
those skilled in the art, the present invention is also 

20 applicable to other transmission channels, and to other 
electrical circuits having applications requiring 
cancellation of transmit signals, for example. 



25 



[0040] Figure 4 is a block diagram illustrating 
principle components for one of the four channels in a 
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preferred gigabit channel conf Iguracion for use in an 
Erhernet network. As illustrated in Figure 4, a vertical 
dashed line divides analog and digital processing 
components. The analog components preferably include a 
5 transmitter {"XMTR") 1, replica transmitter {'^Replica 

XMTR") 2, transmit canceller 3, baseline correction module 
4/ low pass filter ('*LPP") 5, analog-to-digital converter 
(^^ADC") 6, and phase-lock loop ("PLL") 7. A known PLL can 
be used wirh che present invention, 

10 

[0041] Digital processing components preferably include 
a transmitter encoder 10, echo module 11, NEXT cancellers 
12-14 to assist in removing echoes^ synchronization module 
15, FIR (Finite Impulse Response) equalizer 16 and a DFE 

15 (Decision Feedback Equalizer} 17 to equalize a receive 

signal, and a Vicerbi module 18. The digital processing 
components also include baseline correction modules 19 and 
20 to correct residual baseline wander. A timing recovery 
module 21, an error correction detector 22 (described in 

20 further detail below) , and summing junction 23 aqre also 
shown. The individual digital components designated by 
blocks in Figure 4 are all well known in the communication 
arts, and their specific construction and operation are not 
critical to the operation or best mode for carrying out the 
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preseac invention . 



[0042] The analog ^'fronc-end" components shown in Figure 
4 will now be described in even further detail- The fronc- 
5 end analog components are preferably designed and 

constructed via customised integrated circuits. However, 
as will be appreciated by chose skilled in the art, the 
inventive circuits and corresponding configuration could 
also be realized using discrete components as well. 

:3 [0043] As illustrated in Figure 5, transmitter 1 

M preferably includes a current -source I,:^ that generates a 

JC transmit signal over a resistor R^^. An appropriate value 

for resistor Rpx can be selected to match the line 
15 impedance, for example. In one preferred embodiment/ a 
□ resistor center tap is set to 2.5 volts so the transmitter 

1 effectively sees a differential impedance of 25 ohms. 

Preferred performance specifications for the transmitter 1 

are further detailed in Table l, below. 

20 

[0044] An impulse transmit signal can be generated from 
a unit sq\Aare pulse of IT width filtered by a one-pole^ 
low-pass filter (not shown) with a cutoff frequency between 
85MHz and 125MH2:. Slew-rate control can also be used to 
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limir che rise and fall trimes and chus reduce the high 
frequency components of a cransmit signal. Of course, any 
cransnaic signal preferably fits into the nransmit template 
provided by the IEEE 802. 3ab Standard, An ideal transmit 
5 pulse is shown in Figure 6, 



[0045] A measured voltage V^x across R^x (Figure 5) is 
shown in Figure 1, The measured signal v^^t contains 
interference caused by line reflections (e,g,, echoes), 

10 The reflections are caused by impedance discontinuity due 
to impedance mismatch between different cables. For 
example f a large reflection pulse at 6 0ns as shown in 
Figure 7 corresponds to a reflection from the Impedance 
discontinuity at an adapter connecting a 5m patch cord to a 

15 100m cable. The magnitude of the echoes can be significant 
when compared to the magnitude of the receive signal at a 
long line length, and therefore, echo cancellation, as 
provided by the NEXT cancellers 12-14 shown in Figure 4, is 
employed , 

20 

[00461 A receive signal Vrcv (e,g., a signal received 
from a far-end transceiver) is also measured across 
resistor R^x, as shown in Figure 5, Accordingly, the near 
end transmit signal (ItxRtx) is preferably canceled or 
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reduced from the composice signal V^x in order to 
effectively recover the far- end received signal V^cv- This 
cype of acDive cancellaT:ion can be accomplished wirh a 
replica transmit: signal V^^c^- Accordingly, a replica 
5 transmitter 2' {to be described below) is provided to 

generate a signal Vt.^.^ to be subtracted from the measured 
signal v^^/ thus, effectively reducing the transmit signal 

U 10 [0047] A receive signal x{t) transmitted with pulse 
:^ amplitude modulation C^PAM") is define by: 



15 

where is the transmit symbols and p(t) is the channel 
pulse derived by convoluHing an impulse transmit pulse with 
a channel response defined by Equation 5, The receive 
signal for a 100m cable is heavily attenuated by the 

20 transmission line and the pulse width is dispersed, as 

shown in Figure 9, A lOOra OTP delays the signal by about 
550ns, Signal equalization preferably uses high frequency 
boosting via the FIR 16 to remove precursor incersymbol 
interference C'lSI'') and to insert a zero crossing for 

25 timing recovery 21, The DFE 17 is used to remove 
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posTxcarsor ISI . 

[0048] The receive signal's elongated tail results from 
transformer coupling (e.g., a high-pass filter) with a time 
5 constant (e,g,, L/R) typically on the order of micro- 
seconds. Since the receive signal contains little or no 
average DC energy, the negative tail has the same amount of 
energy as the positive pulse. In this regard, the signal's 
area integral is zero- In a typical example, a tail can 
]% 10 last over 10/^s with a magnitude of no more than 0,5mV, The 
m long tail causes any DC bias to drift back toward zero, 

m which can lead to baseline wander. As will be appreciated, 
O this response time is too long to be practically removed loy 

U a digital equalizer, but the response is slow enough to be 

13 15 cancelled using a slow integrator, for example. The 
^3 baseline wander canceller 4 is preferably decision directed 

to minimize the error defined by the difference between the 
equalized value and it's sliced value, as discussed below, 

20 [0049] As illustrated in Figure 8, the replica 

transmitter 2 includes a current source Icxx- Icxr is 
coupled to a voltage V through resistors I^, as shown in 
Figure 8. In a preferred embodiment, R is 100 ohms and V 
is about 2,5 volts. The replica signal V^xr is preferably 
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filtered through a known low-pass filter co obcain a low- 
pass replica signal (^^Vtx^i"), as shown in Figure 10, 
Replica signal V^xr c:an also be inverted in a known manner 
to produce -v^.^^^.. The preferred performance specifications 
' 5 for Che transmitter 1 and replica transmitter 2 are shown 
, in Table 1. 

Table 1: Transmitter and Replica Performance Specifications 



Parameters 


Specifications 


Transmit Currem 


t-/- 40mA 


Replica Transmit Current 


of transmit current 


Number of levels 


16 (not inclu4lngO) 


Number of sub-units 


8 (sequentially delayed) 


Transmit Profile 


[1122 1 l],w/ -Ins delay 


Replica Transmit Profile 


[1 1 3 3], w/ -Ins delay 




IQOQ 



[0050] A Transmit signal canceller 4 is illustrated in 
Figure 11, The transmit canceller 4 removes the 
transmission signal (IcxRcx) from the measured (or detected) 
15 transmit V^x signal. In particular, the transmit canceller 
includes an active resistive summer that provides a large 
input dynamic range and stable linearity characteristics, 
while removing (e.g,, reducing or canceling) the unwanted 
transmit signal component . 

20 

[0051] As illustrated in Figure 11, the active summer 
includes an operational amplifier C'op-amp'') with inverting 
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feedback. The op-amp Is preferably constructed using 
incegraned circuits in a known manner. The summer receives 
Vrxri,, V^^, -V^^r. Icins. and Ici as input signals. 1^1 is a 
baseline wander control current, and Icnia is a common-mode 
5 shift current, each as further discussed below. 



[0052] As will be appreciated by those skilled in the 

art, a transformer typically has high-pass characteristics. 

Accordingly, replica signal -Vcxr is combined (e^g., 
^0 10 subtracted via the active resistive summer) with the low 
lU pass replica signal v^xri to produce a high-pass replica 
iy signal. As an alternative configuration, v^xr could be 

filtered through a known high-pass filter prior to the 

transmit canceller 3 stage. 

1^" to 053 J Recurning co Figure 11, receive signal Vrcv is 

decermined from the following relationships. 

[0054J Let: 

20 

Vi « voltage for the op-amp's positive terminal; 
Vi = v„rt; 
V, = Vex; 

25 i^ = lcm=; and 

is = Ibl . 
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Then: 

R, ^> 

V.'Vl y^-Vl Vi+V. . ■ Vi-Vrcy 
R. ^ 

V.+ V^-V.-Wi . rt-Vn-v 
= R. R' 

—(V,^V.-V^- 3K/) -i. Rr- u- Rr = Vi - Vrcv 
if. 

—(K.I- K.- K.- 3vj)- F/= -Krcv 

V,=v = V, -^(F.+ K.-K.-3Ki)+M/.t^) 

10 [0055] suijscicucing the mpuc signals £or ntieir 

placeholders yields che definicion for V^cv, as follows; 



^^^^ ^ . ^{^txrl+Vix-Vixr-Wih RrilcmtlbJ) . O) 

rev 



15 The gain is preferably sec between 0.75 and X (e.g., Rp/Rx 
equals 0.75 ro 1) . For a small signal analysis, Vi can be 
set CO zero (0) • Also, as will be appreciated by those 
skilled in the art, in a fully differential circuit, Vi 
effectively drops out of the equations since V^cv = V«v''' - 
20 v_'-' . AS discussed, v.... and -v.„ are combined through the 
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active summer co provide a high-pass replica signal 
("Vcxrh") . The receive signal Vrcv can then be recovered as 
shown by Equation 9 . 



5 [0056] Preferred transmit canceller specifications are 
decailed in Table 2, below. 



Table 2; Transmit Canceller Performance Specifications 





Parameters 


Speciticaiions 




Inpui Dynamic Kange 


+/-2.5V(dif£'.) for iransmit signal 




Ouipm Dynamic Range 


+AlV(ditf.) 




lupux impedance 






Outpui impedance 


Low 




Cuioff frequency 


Greater than 31.5 Mhz 




DC Gain 


0.85 -dependem on rhe LPF 5 and ADC 6 
characteristics (Figure 4) 




Power 


25 mw, including LPF 5 (Figure 4) 


3 




8.5 KQ; 01 7,5KD for increased atienuatioo 




Vi 


2.0 volts 






lOKQ 



[00571 A known current mode circuit, e-g,^ a volcage 

controlled current source (VCCS) as shown in Figure 14, 
with feedback preferably sets the summer input current -mode 
voltage (Vcm) - Of course, other known current: mode circuits 
15 could be employed with the present invention. This 

current -mode circuit shifts the common-mode of both the 
transmit and replica transmit signals- The input to the op 
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amp (Vaip, V^,,n) is compared agaxnsc che desired op amp 
ounpuc common-mode voltage (Vd) ; 

Then, rhe common-mode shift current can be 
determined from: 

lews = "^dg^ii ^lo. 

where g„ is a trans conductance and is an offset current. 
An appropriate transconductance and offset current can be 
selected by setting Vcm - IcmsRp - ^^gJ^w ^ IoRf, ensure a 
proper common-mode voltage seen by the op amp inputs. In 
this manner, the common mode shift current Icms <^an be 
regulated to pull down the common mode voltage of the 
operational amplifier as needed. 

[0058] Baseline wander current I^i is also ^'summed'' by 
the active resistive summer, as shown in Figure 11, to 
correct baseline wander- Approximately ninety percent 
(90%) of all system baseline corx-ection can be obtained 
through the active summer. The remaining baseline residual 
can be digitally corrected through an equalizer, for 
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example. As will be appreciated, the Figure 11 topology 
allows the current sources dtn and Icms) each have a 
fixed output voltage, thus, minimizing current deviation 
due to finite output resistance. 



[0059] The baseline wander correction module 4 
preferably corrects for baseline wander using a decision- 
directed method, such as a discrete integrator. The 
decision-directed method can be implemented with a known 
charge pump, where the pump sign (e,g., i-l/-l) is 
determined digitally using an error between the equalized 
baseline signal [y^) and a sliced baseline signal (y\) , as 
shown in Figure 12 , As will be appreciated by those 
skilled in the art, the expected error value (e.g., ECejcJ) 
is ideally driven to zero. The charge pump is preferably 
pumped up or down based on the error value. For example, a 
positive error implies that a negative value should be 
input into the charge pump. For a negative error, a 
positive value should be input into the charge pump- The 
charge pump preferably has at least two current settings to 
regulate Iti. Of course, a charge pump with many current 
settings could be used to obtain finer baseline correction 
control. 
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[0060] The preferred baseline wander correction 
performance specifications are furciier detailed in Table 3, 
below . 



5 Table 3: Baseline Wander Correccion Specification 



20 



Parameters 


Specifications 


Ouipul Dynamic Range 


ry-iOOuA (diffO, (+/-lV/J2i, R, = lOkQ) 


Ompur impedance 


High 


ImegrTOon Faciors 


2mV/T,4mV/T 


Bandwidth 


>100MH2 



ij [QOSl] A second-order low-pass filcer, as shown in 

\U Figure 13, is cascaded afcer the summer lo preferably 

i3 10 flatten the frequency response oul to about 31-25!yiH2 

:j (<ldBJ . A minimum overall attenuation of 20dB at 125MHz is 

desirable for the low pass filter. In a sampled system, 
^ some aliasing beyond Nyquist frequency (or excess 

Li. 

j.^ bandwidth) is acceptable, but minimum aliasing is allowed 

15 at the sampling frequency. The transmitted data is 
preferably band-limited to the l^yquist rate. 

[0062] Preferred performance characteristics of the low 
pass filter 5 are further detailed in Table 4, below. 



Table 4 : tpF Performance Specification 



Parameters 


Specifications 


Input Dynamic Range 


t-AlV(diffO 


Outpm Dynamic Range 


fty-iV(difr.) 


Input impedance 


High, -10k. 
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uuipui iinp&uanwc 


T AW 


Cutoff frequency 


50-60Mh2. 


Q (2nd order) 


^1 


Input impedance 




Output impedance 


Low, <100 


DC gain 


1 



t0063] As an alcernacive arrangement:, a chird-order 
5 Sallen ar;d Key low pass fxlter as disclosed in a co-pending 
application by che same inventor of this application, 
tiTiled ^'CALIBRATION CIRCUIT/' filed concurrently herewith, 
and hereby incorporated by reference, could be used as 
filter 5, Similarly, the calibration circuit disclosed 
10 therein could also be used to calibrate the low pass filter 

5 . 

[0064] Analog- to-digital converters are well know in the 
art. As will be appreciated, the ADC 6 resolutrion is often 

IS determined by system digital processing requirements- In a 
preferred embodiment, the Viterbi detector 18 requires an 
effective 7-bit resolution. Residual baseline wander, 
echoes, and crosstalk increase the dynamic range by about 
200-3 QOmV, which increases the required resolution. The 

20 reduction m dynamic range due to insertion loss for a lOOm 
cable is approximately 40%, Accordingly, an 8-bit 
resolution is preferred. 
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[0065] The preferred ADC performance specif icacions are 
further detailed in Table 5, below. 

5 Table 5; ADC Performance Specificacion 



Pammeiers 


Specifications 


Resoluxiou 


8-biis minimum. 


Sampling frequency 


8MH2:(125MS) 


Source Outpui Impedance 


Low, '-200-400a 



t0066] As previously discussed, nhe cransmiccer i 
• preferably includes a current: -source Xc^. than a resistor R^x 

10 no generate a transmit signal voltage equal zo IcxR-cx- In 
one preferred embodiment, a center tap of a nransformer is 
connected to a 2,5 volt supply voltage. If the cransmititer 
If for example, transmitting l volt or receiving 1 volt, 
then the possible swing in voltage across resistor Rex is 2 

15 volts. More specifically, the voltage across resisror R^x 
can vary between 1,5 volts and 3,5 volts. If the power 
supply voltage source for the circuit is less than the 
maximum voltage that could be present across resistor Rtx, 
then improper operation or damage can result. It is 

20 therefore preferable to provide common-mode shift current 
control circuitry which will control the amount of current 
being drawn across resistor R^x so as to keep the composite 
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voltage signal wichin an appropriace operating range, 

[0067J One embodiment: of che present invention is 
depicted in Figure 15. common-mode shift current control 
5 circuitry is illustrated as common-mode feedback circuitry- 
including an operational amplifier 24 and a pair of field 
effect transistors (FETs) 25 and 26, The operational 
amplifier 24 includes a first input terminal, a second 
input terminal, and an output. The operational amplifier 
'ti 10 24 receives a differential volcage signal at the first 

W input terminal, wherein the differential voltage signal is 

O 

^ composite signal which includes components related to the 
'J^ voltage transmitted across the transformer as well as the 

jg voltage received across the transformer- A common-mode 

n 15 voltage signal Vcm is received at the second input terminal. 
I In the embodiment depicted in Figure 15, Vcm =1.5 volts. 

The output of the operational amplifier 24 is a common-mode 

shift current control signal, Vo, 



[0Q6B] As will be appreciated by those skilled in the 
art, when the voltiage applied at the first input terminal 
is different from the voltage applied at the second input 
terminal, the operational amplifier 24 will sense the 
inequality. Referring to Figure 16, the internal operation 
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of Che operacional amplifier 24 is shown- When che current 
In i3 greater than, the current Ip, che voltages Vp and 
will not be in balance around Vcm- A3 a result of such an 
imbalance, Vo will increase. Alternatively, when the 
current Ip is greater than the current 1^/ the voltages Vp 
and Vn will al3o not be in balance around Vcm- As a result 
of such an imbalance, Vd will decrease- 



[0069] Referring again to Figure 15, the effects of 
increasing or decreasing Vp are described. By controlling 
Vo, the common-mode shift current flowing through the 
resistors Ri can be controlled. By controlling the common- 
mode shift current. V^:^ is thereby also controlled. By 
being able to control v^x, the situation in which V^x exceeds 
an operating parameter of the circuit, such as the power 
supply voltage source, is avoided. Specifically, it is 
undesirable for che composite voltage signal to exceed the 
supplied voltage for the circuit. Using the common-mode 
feedback arrangement depicted in the embodiment of Figure 
15, is controlled in relation to the common-mode voltage 
signal . 



Ip = l^ 



(13) 
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Vp - Vcxp - Ip Ri ti^) 

= V,^p " Ri (15) 

5 10070] Referrlug co Equation 13, it should be 

appreciated than when che commou-mode shifc currencs Ip and 
In are equal, then the voltage drop that occurs over the 
resistor Ri is the same for both components of the composite 
differential signal. See Equations 14 and 15. The 
10 differential signal applied to the input of the operational 
amplifier is therefore of the same magnitude as the 
"jjf differential composite signal. 

m [0071] It should be appreciated chat the common-mode 

15 feedback circuit of Figure 15 should work regardless of the 
resistor value chosen, for example 2Rx. Because che current 
drop across the resistors will be the same in both 
components of the differential signal, the differential 
voltage signal applied to the input of the active resistive 
20 summer will be of the same magnitude as the composite 

voltage signal- The distinction relates to the output of 
the summer, and not to the operation or effectiveness of 
the common-mode shift current control circuitry- 
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[00723 In another embodiment of the present invennion, a 
constant: current source is provided no generate the common- 
mode shift current control. Referring to Figure 17, 
constant current sources 27 and 28 are depicted as 
5 controlling the common-mode shift currents Ip and In- 



= V^v - IR2 (16) 



Because 1^ and In are equal, the magnitude of the 
10 differential signal applied to the active resistive summer 
is therefore shown in Equation 16- As compared with the 
embodiment in which the common-mode feedback circuit is 
utilized to control the magnitude of the common-mode shift 
current, and therefore the magnitude of the composite 
15 signal relative to the applied common-mode voltage, in the 
embodiment utilizing constant current sources, the voltage 
drop between the composite differential signal and the 
differential signal applied to the summer will be constant, 
i,e- IRj. 

20 

[0073] In another embodiTnent of the present invention, 
the common-mode shift current control circuitry includes a 
resistor divider. Through the use of a resistor divider, 
the voltage signal applied to the summer is a 
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proporcionacely reduced signal as compared wich che 
composiue volcage signal. 



Vcx3 = VcxRs/ (Ri -^ R2) 

5 

It should be appreciated by chose skilled in the arc chat, 
by selecting appropriate values for resistors Ri and R2, the 
magnitude of the common-mode shift current and the 
composite signal can be controlled so that tne magnitudes: of 
10 the composite signal does not exceed an operating parameter 
of the communications circuit, such as the power supply 
voltage source. 



[00743 Thus, a transmit canceller including an active 
15 resistive summer has been described- Such an active 
resistive summer has not heretofore been developed for 
applications such as canceling signals in gigabit channels. 
Correcting baseline wander through such an active resistive 
summer has also been described herein. Controlling common- 
2 0 mode shift current has also been described herein. 



to 07 5 J While the present invention has been described 
with respect to what is presently considered to be the 
preferred embodiments, it will be understood that the 
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invencion is rxoc limiced co rhe disclosed embodimeriLs . To 
che contrary, che invenrion covers various modifications 
and equivalent arrangements included within the spirit and 
scope of the appended claims. The scope of the following 
claims is to be accorded the broadest interpretation so as 
to encompass all such modifications and equivalent 
structures and functions. 



[0076] For example, while preferred circuit 
configurations and component values have been described, it 
will be understood that modifications could be made without 
devxacing from the inventive structures. For example, 
values for the feedback and input resistors Rf and Ri could 
be changed to obtain higher or lower gains. Also, an 
active resistive summer could be constructed to sum only 
the measured signal V^;,^ and the replica signal Vc^r (or a 
high-pass version of the replica) , for example. 
Additionally, while the communication channel has been 
described with respect to a twisted pair of cables, the 
invention may also be practiced with other communication 
channels such as optical and wireless channels. Moreover, 
this invention should not be limited to gigabit 
transmission rates and can be practiced at any transmission 
rate requiring the signal processing characteristics of the 



07-31-01 12:26piii Frora-KMZ 3129021061 T-116 P. 36/73 F-914 

-35- 

invencicn. of course, nhese and ocher such modxf icacions 
are covered by che present invention. 
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